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Abstract 
 
 Twelve virus-tested mericlones were derived from virus-infected ‘Beauregard’ clones to 
compare relative effects of viruses and mutations on yield and quality.  Virus-tested refers to 
plants derived from meristem-tips that have been assayed three times with virus sensitive 
indicator plants Ipomoea aquatic and I. sestosa.  The clones represent various selections from 10 
production areas in Louisiana, two clones from the foundation seed program at Louisiana State 
University AgCenter Sweetpotato Research Station, and the industry standard virus-tested B-63 
mericlone. 
 Two yield plantings were made in the years 1998 and 1999.  Overall, in three of four 
planting dates, virus-tested mericlones had significant yield increases of 92% to 505% for U.S.#1 
over their respective virus-infected clones.  Yield increases in three of four plantings ranged 
from 9% to 1000% for U.S.#1 grade for virus-tested mericlones when compared to their virus-
infected clone counterparts.  The majority of the tests showed virus-tested mericlones had a 
higher root and vine weight than virus-infected clones.  Virus-tested roots had a significantly 
redder skin, while virus-infected roots had darker hued flesh and cortex.  This has not been 
previously reported.  Comparisons within virus-tested clones did not show any yield differences 
or differences in color, suggesting clonal variation has a minor affect on general agronomic traits 
of ‘Beauregard’ sweetpotato. 
 Ten decamer primers were used in RAPD analysis of the virus-tested mericlones and 
virus-infected clones.  No polymorphisms were found among 29 DNA markers assessed.  In 
summation, data suggests that ‘Beauregard’ has a relatively stable genome and that variation 
among clones is mostly a function of virus infection.
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Introduction 
 The sweetpotato, Ipomoea batatas (L.) Lam., is a dicotyledonous plant in the 
Convolvulaceae family.  Sweetpotato is unique in the fact that it is a hexaploid with 90 
chromosomes while most other Ipomoea species have 30 chromosomes.  It is one of the most 
significant horticultural crops in the world, especially in tropical and subtropical regions.  
Sweetpotato ranks third among the 10 major crops of the world on a calorie per surface unit basis 
(Boukamp, 1985).  Although production area is declining in the industrialized countries, it is still 
an important vegetable crop in the United States.  In the United States, sweetpotatoes are grown 
on about 37,636 hectares (J. M. Cannon, personal communication).  North Carolina and 
Louisiana account for over half of the total production of sweetpotatoes in the United States. 
 Foundation seed programs exist in the major production regions to provide growers with 
seedstock relatively free of genetic mutations and possessing high yielding potential.  Even with 
careful selection of superior seedstock, cultivar productivity, such as yield and quality, tend to 
decline.  For example, ‘Centennial’ sweetpotato has declined by 46% over a 35-year period 
(unpublished data).  This evidence is circumstantial due to changes in environment and cultural 
practices overtime, but does demonstrate the potential loss that can occur in a highly productive 
cultivar that was intensely selected (Villordon, 1995).  The cause of this decline is unclear but 
accumulation of genetic mutations and viruses and possibly other pathogens have been 
implicated. 
 Genotypic identity and uniformity within a clonal cultivar is theoretically preserved 
through asexual propagation.  In sweetpotato, adventitious sprouts are used for vegetative 
propagation and therefore should conserve a cultivar’s genetic identity (Collins et al., 1987; 
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Huett, 1976; Kannua and Floyd, 1988; Ngeve and Boukamp, 1993).  However, mutations 
commonly occur in sweetpotatoes and affect the color of vines, petioles, leaf veins, storage root 
skin, and storage root flesh; affect leaf shape or the pattern of leaf venation; and can cause leaf 
variegation (Clark and Moyer, 1988).  For example, depending on the cultivar, flesh color 
mutation rates in sweetpotatoes range from 1% to 18% (Hernandez et al., 1964).  Mutations may 
occur as either bud sports, in which the entire plant exhibits the altered trait, or as chimeras, in 
which only a portion of the tissue is altered (Clark and Moyer, 1988).  In some cases,mutations 
can be related to changes in DNA (Villordon and LaBonte, 1996),  Villordon and LaBonte 
discovered genotypic variation of 7.1% to 35.7% in sweetpotato clones based on RAPD banding 
pattern polymorphisms.  He also found among ‘Jewel’ sweetpotato clones yield variations from 
27% to 46% (Villordon, 1995).  This data implicates genotypic variability as a factor in yield 
variability, but this study did not consider the effects of viruses that may or may not be present in 
the clones obtained from various foundation seed programs. 
 Virus diseases are probably the most poorly understood of the diseases that affect 
sweetpotatoes.  Infected planting material is the most common source of sweetpotato viruses.  
Sprouts taken from diseased roots spread virus infection from one production cycle to the next.  
Also, some of the viruses have insect vectors that increase the rate of infection (Clark and 
Moyer, 1988).  The number of viruses that afflict sweetpotatoes is unknown, however, more than 
16 separate viruses have been identified in sweetpotato.  One of the 16, Sweetpotato feathery 
mottle virus (SPFMV) is found in all regions of sweetpotato production while the others are 
localized to one or more geographic areas (Salazar and Fuentes, 2000).  There are many strains 
of SPFMV and coupled with its ubiquitous nature it has hindered the identification of many other 
viruses (Moyer et al., 1989). 
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The effect of genetic mutations and virus diseases on yield and quality has not yet been 
fully determined.  Preliminary research has shown significant yield increases from virus-tested 
plants when compared to virus-infected plants.  Also, quality was affected by alterations in the 
shape and color of the skin of sweetpotato storage roots (Clark, et al., 2000).  The research 
reported in this thesis was conducted to determine what part of yield and quality decline can be 
attributed to genetic mutation and what part can be attributed to virus diseases.  Further this 
research will determine if selecting high yielding hills for seed is sufficient enough, nullifying 
the need for virus-tested plants.  This thesis research had the following objectives:  1.) to 
determine the effect of viruses on yield of sweetpotato, 2.)  the effect of clone on yield of 
sweetpotato, 3.)  the effect of virus on vine and root weight of sweetpotato, 4.)  the effect of virus 
on skin, flesh, and cortex of sweetpotato, and 5.) the effect of mutations on sweetpotato yield and 
quality. 
  4
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The Sweetpotato Plant.  The sweetpotato, Ipomoea batatas, is a dicotyledonous plant in the 
Convolvulaceae family.  The origin of the sweetpotato plant has been traced to a region bounded 
by the Yucatan Peninsula to the north and the Orinoco River to the south (Austin, 1977). 
 The sweetpotato is a perennial plant propagated vegetatively and grown as an annual.  
Since the plant does not have a definite maturity stage, harvesting follows growing seasons of 
indefinite length (Clark and Moyer, 1988).  Sweetpotato reproduces both sexually and asexually.  
Sexual reproduction is of little importance numerically, since the plant allocates very little 
energy for this.  Sweetpotato produces storage roots which sprout to give new plants, and the 
crop is usually propagated by this asexual method (Woolfe, 1992). 
 Sweetpotato produces complete flowers with a compound, superior pistil and 5 
independent stamens attached to the trumpet-shaped corolla.  The corolla has distinctive white 
margins and a pink to purple throat.  Seed are borne encapsulated with a very hard seed coat, 
which must be scarified mechanically or with acid to induce germination (Clark and Moyer, 
1988). 
 Sweetpotatoes set few viable seed.  Many genotypes do not flower easily, and some not 
at all.  It is possible to enhance flowering by trellising vines or by grafting to other Ipomoea spp.  
Defective pollen, self compatibility, self-incompatibility, cross-compatibility, and cross-
incompatibility all occur in sweetpotato (Clark and Moyer, 1988).  Due to problematic seed 
production and compatibility, sweetpotatoes are produced through vegetative propagation. 
Mutations in Sweetpotato.  Genotypic identity and uniformity within a clonal cultivar is 
theoretically preserved through asexual propagation.  Yet, sweetpotatoes are predisposed to high 
rates of mutations.  This section documents reports of sweetpotato mutations and our current 
understanding of factors that cause mutations in general and those specifically in sweetpotato. 
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 In 1911, Groth observed that “plants in the same patch, the produce of the same 
ancestors, did not agree with each other”.  During the 1920’s, scientists sought desirable mutants 
as a mean to cultivar improvement (Harter, 1926; Thompson, 1929; Miller, 1930; and Miller, 
1935).  By 1959, Miller et. al. began to rely on sexual recombination for generating new 
cultivars, after discovering that the majority of phenotypic mutations were undesirable.  The 
concept of cultivar decline also came into the vernacular existence among sweetpotato scientists 
as a term denoting the slow demise in quality and yield of valuable cultivars over time.  The 
cultivar ‘Centennial’, which was released in 1960 by the Louisiana Agricultural Experiment 
Station, has been grown annually in replicated plots since 1958 at the Sweetpotato Research 
Station at Chase, Louisiana.  The yields in these annual tests have declined by 46% (unpublished 
data).  This evidence is circumstantial but does illustrate the capacity for loss even in an 
intensely selected cultivar (Villordon and LaBonte, 1995). 
Source of Mutations 
 It is thought that mutations in sweetpotato might arise from genetic instability (LaBonte 
et. al., 2000).  Genetic instability is attributed to mutations that originate from disruptions of the 
normal cellular controls.  These events may be responsible for chromosome breakage, alteration 
of DNA methylation, single base changes, and changes in copy number of repeated sequences 
(Phillips, et al., 1994).  Transposable elements are also implicated as factors causing genetic 
instability in sweetpotato (La Bonte et al., 2000). 
   Plants are more genetically stable if they arise from preformed meristematic cells (Potter 
and Jones, 1991).  Genomic changes are minimized because meristematic tissues provide strict 
control of cell division processes (Sree Ramulu, 1987).  Differences in cell cycle durations 
between meristematic and non-meristematic cells were identified by Gould (1984).  Genetic 
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variation can result from disturbances in cell cycles that are caused by delays in DNA replication 
in heterochromatin regions (Lee and Phillips, 1988).  Phillips (1994) hypothesized that late 
replication of heterochromatin causes chromosome breakage, which happens when cells divide 
before the DNA replication process is complete.  Therefore, unjoined broken fragments can 
cause deletions and rejoined fragments can lead to translocations, inversions, duplications, and 
deletions. 
  Altered methylation patterns can result in mutations.  Neves et. al., (1992) suggested that 
decreased methylation was associated with nondisjunction of the rye B chromosome; hence the 
possibility of chromosome breakage and re-combination, e.g., deletions. In different regions of 
large eukaryotic DNA molecules, methylation commonly occurs at varying amounts in CpG 
sequences.  The extent of methylation is often inversely related to the degree of gene expression 
(Lehninger, et al., 1993).   Methylation sometimes equates with transcriptional inactivity, 
especially methylated CpG islands which occur in gene promoters. In contrast, transcription is at 
times not blocked if methylation occurs in a gene downstream of the promoter; this can lead to 
point mutations, i.e., methylated cytosines are misread during transcriptions. 
  Sweetpotato sprouts arise adventitiously from callus, wound periderm, vascular 
cambium, or anomalous cambium (Edmond and Ammerman, 1971; Esau, 1977; Fahn, 1982).  
LaBonte et. al.(2000) hypothesized that the adventitious sprouting in sweetpotato is akin to 
regenerating plants from callus culture, which has been exploited as a mechanism for enhancing 
genetic instability and selecting somaclonal variation (DeKleerk, 1990).  
 A second source of mutations is transposable elements (TE’s).  Transposable elements, 
are sequences that move from one site to another (Lewin, 1990).  McClintock (1956) first 
discovered TE’s in maize, and since then, TE’s have been detected in bacteria (Peterson, 1970),  
  8
Drosophila spp. white locust (Green, 1977), as well as most other organisms.  Most processes 
involved in genome restructuring require a relationship the sequences at the between donor and 
recipient sites.  However, transposition does not rely on any such relationship (Lewin, 1990). 
 Transposable elements can cause rearrangements of the genome either directly or 
indirectly.  The transposition event may produce a deletion or inversion or may lead to the 
movement of a host sequence to a new location.  Transposons can also serve as substrates for 
cellular recombination systems functioning as “portable regions of homology.”  Two copies of a 
transposon at different sites may provide locations for reciprocal recombination.  These 
exchanges could result in insertions, inversions, deletions, or translocations (Lewin, 1990). 
 In eukaryotes, there is genetic evidence which suggests that certain unstable mutants may 
be explained by transposable elements.  The transposition-like events that were observed in 
Drosophila occurred in somatic cells, thus it is conceivable that transpositional events could 
induce somaclonal variation.  Therefore, the conditions of tissue culture may be highly 
conducive for DNA sequence transposition (Larkin and Scowcroft, 1981).  Transposable 
elements have been identified in sweetpotato.  Villordon et. al., (2001) first reported on the 
existence of Ty1-copia like reverse transcriptase sequences.  Further, they found fragments in 
Southern blot gels exhibiting polymorphism.  This implies the potential for disruption of normal 
gene function by transposition.  Tanaka et. al., (2001) also found a TIB 11 retrotransposon that 
was transcriptionally active.  Kokkinos (2002) used this element to identify the effects of viruses 
on transcriptional activation.  He found a significant increase in transcripts in plants coinfected 
with Sweetpotato chlorotic stunt virus (SPCSV) and Sweetpotato feathery mottle virus (SPFMV) 
in comparison to noninfected controls and other virus treatments.  This study did not extend to an 
evaluation of altered patterns of transposition.  The Class II element En/Spm has long been 
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studied in Ipomoea purpurea and is accountable for flower variants (Iida et al., 1999).  This class 
of elements has not been studied in sweetpotato. 
 Sweetpotato Viruses.  Plant viruses in general can infect plants through mechanical wounds, 
with the aid of vectors, through propagating material, or by infected pollen grains.  Sweetpotato 
viruses are not easily transmitted by mechanical means, and in the field are transmitted either 
through propagating material or by aphid or whitefly vectors.  The virus must move from one 
cell to another and must replicate in most if not all the cells it enters for systemic infection to 
occur.  Virus distribution within a plant depends upon the type of virus and plant (Agrios, 1988). 
Plant viruses do not commonly kill their hosts.  The most common symptom of virus 
infection is reduced growth rate which results in varying degrees of dwarfing or stunting of the 
entire plant.  Symptoms of virus-infected plants are usually obvious on the leaves, however, 
some viruses produce striking symptoms on the stem, fruit, and roots, and some may produce no 
symptoms at all (Agrios, 1988).  Although symptoms induced by viruses on many vegetatively 
propagated crops may appear subtle, they can often reduce both yield and quality of the crop.  
This often is not noticed by farmers unless they grow virus-tested plants side-by-side with their 
normal crop.   
Sweetpotato yield and quality gradually decline over a period of several years after a new 
cultivar is released to farmers.  The causes of these declines have not been thoroughly 
investigated, however the accumulation of pathogens, primarily viruses, and mutations are 
generally presumed to be the key factors (Clark and Valverde, 2000).  One of the efforts of the 
International Potato Center (CIP) was to document the importance of viruses in cultivar decline 
(Carey et. al., 1999).  Their collaborators in China, India, Uganda, Kenya, Egypt, Philippines, 
and Peru conducted experiments to this end.  The collaborators in China and Egypt found yield 
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reductions of 14.6% to 47.9 % and 34% to 97%, respectively, of virus-infected plants. The 
collaborators in Uganda and Peru found yield reductions of 62% to 99% and 53% to 64%, 
respectively, of graft inoculated virus-infected plants.  Overall, the collaborator group 
determined  that virus diseases are an important factor in cultivar decline that varies with the 
cultivar and the environment.  By 2000, more than 16 separate viruses had been identified in 
sweetpotato (Table x.1)(Salazar and Fuentes, 2000), but most have not been thoroughly 
characterized.  SPFMV is the most common virus found in all regions of sweetpotato production.  
SPCSV is widely distributed in Africa and has been reported in several locations in South 
America. When these two viruses occur together, they cause a synergistic disease called 
sweetpotato virus disease (SPVD).  There are additional virus combinations with synergistic 
tendencies such as the “chlorotic dwarf” and “camote kulot” diseases which are caused by the 
interaction of three and several viruses, respectively (Salazar and Fuentes, 2000). 
Practically all sweetpotato plants tested in the U.S. have been found to be infected with 
SPFMV.  There are many synonyms by which SPFMV has been known, some are russet crack 
virus, sweetpotato virus A, sweetpotato ringspot, sweetpotato leaf spot virus, and probably 
internal cork.  Leaf symptoms are irregular chlorotic patterns (feathering) and faint to distinct 
chlorotic spots, some with purple-pigmented borders.  Those sweetpotato genotypes sensitive to 
virus infections also exhibit both internal and external root symptoms such as internal cork and 
annular necrotic lesions.  SPFMV is aphid-transmitted in a nonpersistent manner (Clark and 
Moyer, 1988).   
 In recent years, a collaborative survey has been conducted to ascertain what viruses can 
be found in the U.S.  In the LSU AgCenter’s collection, SPFMV was detected in almost every 
plant.  The viruses Sweetpotato mild mottle virus, Sweet potato latent virus, Sweet potato 
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chlorotic flecks virus, and Sweet potato mild speckling virus were not detected.  The C-6 virus 
and the Sweetpotato leaf curl virus (SPLCV) were detected in one cultivar grown only for 
ornamental purposes.  Also, SPLCV was detected in a few breeding lines.  Because of 
conflicting results, the status of Sweetpotato chlorotic stunt virus (SPCSV) is uncertain.  
Preliminary evidence suggests the presence of some unknown viruses, possibly one or more 
potyviruses (Clark and Valverde, 2000).  
Villordon’s study (1995) consisted of two sets of plant material.  The first set was 
meristem-cultured and virus-indexed plants of 8 clone sources.  This type of culture eliminated 
viruses and certain exopathogens, such as Fusarium lateritium, which could confound data 
analysis by contributing nonplant DNA.  The second set was 10 clonal plants derived from the 
original fleshy roots of his clone sources.  Villordon only scored fragments common to both 
sample sets to reduce any “background noise” in DNA amplification.  His study verifies the 
presence of mutations in sweetpotato and also differences in yield among clones probably 
infected with unknown combinations of viruses.  His work was done before the scientific 
community had determined the effects viruses can have on sweetpotato, therefore his conclusion 
that yield varies based on mutations and environment needs to be reexamined.  We now know 
that viruses can affect sweetpotato yield, but data is lacking on the relative importance of viruses, 
mutations, and other factors.  This project simultaneously examines both viruses and mutations 
and the relative importance of both for sweetpotato yield and quality. 
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Table 1.1.  A list of known viruses that infect sweetpotato. 
________________________________________________________________________ 
Virus   Vector   Distribution 
________________________________________________________________________ 
SPFMV   Aphid   Worldwide 
Potyvirus 
 
SPVMV  Aphid   Argentina 
Potyvirus? 
 
SPV-II   Aphid   Taiwan 
Potyvirus 
 
SwPLV   Aphid?   Africa, Asia, Peru 
Potyvirus? 
 
SPMSV   Aphid   Argentina, Peru, Indonesia, Philippines 
Potyvirus 
 
SPLSV   Aphid   Peru, Cuba 
Luteovirus 
 
SPMMV  Whitefly  Africa, Indonesia, Papua New Guinea, Philippines, 
Ipomovirus     India, Egypt, Peru 
 
SPYDV   Whitefly  Taiwan 
Ipomovirus? 
 
SPLCV   Whitefly  Taiwan, Japan, Egypt 
Badnavirus? 
 
SPLCV   Whitefly  USA 
Geminivirus 
 
ICLCV   Whitefly  Israel 
Geminivirus? 
 
SPCSV   Whitefly  Africa, Asia, America, Israel 
Crinivirus 
 
SPCSV?  Unknown  Caribbean Region, Kenya, Puerto Rico,  
Potyvirus     Zimbabwe 
 
SPCFV   Unknown  Peru, Japan, Brazil, China, Cuba, Panama, 
Potyvirus?     Colombia, Bolivia, Indonesia, Philippines 
 
SPVG   Unknown  Uganda, Egypt, India, China 
Potyvirus 
 
SPCaLV  Unknown  Puerto Rico, Madeira, Salomon Islands,  
Caulimovirus     Australia, Papua New Guinea 
 
SPRSV   Unknown  Papua New Guinea 
Nepovirus? 
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Table 1.1 continued. 
________________________________________________________________________ 
Virus   Vector   Distribution 
________________________________________________________________________ 
Reo-like  Unknown  Asia 
 
Ilar-like   Unknown  Guatemala 
 
C-6   Unknown  Uganda, Indonesia, Philippines, Peru 
Potyvirus? 
______________________________________________________________________________________ 
Adapted from Salazar and Fuentes, 2000. 
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Introduction.  Virus diseases are the most poorly understood group of diseases that affect 
sweetpotato.  Practically all sweetpotatoes that are not grown without a virus-indexing program 
are infected with one or more viruses (Clark and Moyer, 1988). 
 Until recently, foundation seed programs maintained sweetpotato cultivars through a 
visual selection process.  Individual hill selections were made by selecting those that were 
phenotypically consistent with a known cultivar.  These selections would be used in the 
following year for propagation material.  Along with these visual desirable traits and 
characteristics, pathogens that may or may not induce visual symptoms, such as viruses, were 
carried over as well.  Over time, scientists began noticing cultivar productivity was degrading.  
The cultivar “Centennial”, which was released in 1960 by the Louisiana Agricultural Experiment 
Station, has been grown annually in replicated plots since 1958 at the Sweetpotato Research 
Station at Chase, LA.  The yield results from these annual tests have declined by 46 % (Clark, 
unpublished data).  This evidence is circumstantial but does illustrate the capacity for loss in a 
highly productive cultivar that is intensely selected.  Villordon found yield variability among 
“Jewel” clone sources to range from 27% to 46%.  He attributed the differences in performance 
among clones to mutations, interactions with the environment, and variation in size of the source 
of foundation seed (Villordon and La Bonte, 1995).  His experiment did not take into account 
viruses or their impact on yield.  Scientists have speculated that the pathogens and/or mutations 
accumulating during this course of vegetative propagation of sweetpotato may be responsible for 
a cultivar’s decline (Clark et al., 2002).  CIP’s collaborators in China, India, Uganda, Kenya, 
Indonesia, Egypt, The Philippines, and Peru conducted experiments to determine the role of 
viruses in cultivar decline.  Their results concluded that virus diseases are an important factor in 
cultivar decline that varies with the cultivar and environment (Carey, et al., 1999). 
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The objectives of this investigation included the following: to determine the effect of 
naturally occurring viruses on yield of sweetpotato, and the result of virus infection on 
sweetpotato quality attributes such as skin, flesh, and cortex color of storage roots. 
Materials and Methods.  The following contains the sources of plant material and procedures 
used in this study. 
Plant Material 
‘Beauregard’ sweetpotato was released in 1987 by the Louisiana State University 
AgCenter.  ‘Beauregard’ produced more U.S.#1 grade roots than the standard cultivars, Jewel 
and Centennial (Rolston et al., 1987).  At present, the majority of the acreage planted in the U. S. 
is the cultivar ‘Beauregard’.  Virtually, all sweetpotato plants tested in the U.S. have been found 
to be infected with SPFMV (Clark and Moyer, 1988).  It is not known what other viruses also 
occur in growers fields.  This study compared virus-infected plants from roots of growers to their 
respective meristem-tipped virus-indexed plants.   
Roots from the sweetpotato variety ‘Beauregard’ were obtained from 10 production 
regions across the state of Louisiana in 1997 by C. A. Clark,  Louisiana State University 
Agricultural Center.  Roots from 10 individual growers were selected as well as 2 clones from 
the foundation seed program at the Louisiana State University Agricultural Center Sweetpotato 
Research Station, Chase, Louisiana.  The mericlone B-63, originating from Beauregard and 
having been maintained in nodal culture since 1988, was also included in the study as a control 
and represents an industry accepted mericlone for commercial production. 
 A root from each grower and the 2 clones from the research station at Chase were 
selected and bedded in the greenhouse.  Cuttings were made from sprouts and surface sterilized 
with a solution of sodium hypochlorite.  Meristem tips were excised as described by Clark and 
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Hoy, 2002.  Meristem plantlets which grew 8 to 10 cm were transferred to clay pots filled with 
sterilized soil and placed in an insect-free greenhouse. 
 The mericlones were virus-indexed using the indicator plants Ipomoea setosa and I. 
aquatica.  The mericlones were put through a series of 3 graftings to each of the indicators 
(Clark and Hoy, 2002).  Negative results in each grafting had to be obtained before the mericlone 
was considered ‘virus-tested’ and used for this study. 
 Both virus-infected clones and virus-tested mericlones were increased by repeated plant 
cuttings in Speedling™ trays in an insect-free greenhouse.  All plant material going to 
experimental plots were acclimatized for four to five days by placing Speedling trays on well 
tilled beds in the field and hooping Agrofabric 19 (J & M Industries Inc., Ponchatoula, 
Louisiana) over the trays to exclude insects and reduce reinfection by virus.  
Standard Experimental Procedures 
All plants in all studies were planted on Olivier silt loam at the Burden Research  
Plantation Baton Rouge, Louisiana.  Two separate plantings of the entire experiment were made 
in both 1998 and 1999.  In 1998, the first planting date was on 29 May and the second planting 
was on 25 June.  In 1999, the planting dates were on 14 May and 23 June, respectively.  Rows 
were 1.2 m wide and commercially recommended cultural practices were used throughout. 
1.) The effect of virus on yield of sweetpotato 
This experiment consisted of four replications of treatments arranged in a randomized 
complete block (RCB) design in each of the 2 years.  Main plots were the four planting dates and 
subplots were the 12 original clones and their respective mericlones (Table 1.1), mericlone B-63, 
and two virus-indexed clones from the foundation seed from the Louisiana State University 
Agricultural Center Sweetpotato Research Station at Chase, Louisiana.  Each subplot consisted 
of rows 6 m long with 1.2 m between rows.  Three rows of soybeans separated each subplot to 
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reduce the chances of vectors transmitting viruses between subplots.  Each 6 m row contained 10 
plants placed 0.3 m apart.  Each plot was harvested in sequential order after 90 and 96 days in 
1998 and 91 and 92 days after planting in 1999.  Roots were graded according to U.S. standards 
(U.S. #1: 5.1-8.9 cm diameter; 7.6- 22.9 cm long;   U.S. #2: < 36 oz, < 4 cm in diameter; canner:  
2.5-5.1 cm diameter; 5.1-17.8 cm long;  jumbo: larger than the U.S. #1 , but marketable) and 
weighed. 
Procedures for Non-Yield Parameters 
 
 The experiment was conducted on the 12 virus-infected clones and their respective virus-
tested mericlones.   Two plants were placed 0.91 m apart in both 1998 planting dates (RCB 
design).  Four replications of each clone and mericlone were arranged in a RCB design  placed 
4.57 m apart in both plantings in 1999 at the Burden Research Station, Baton Rouge, Louisiana. 
2.)  The effect of clone on yield of sweetpotato 
 The yield data for both planting dates in 1998 and 1999 were separated into two groups, 
virus-infected clones and virus-tested mericlones.  By planting date, the virus-infected clones 
were compared to one another and the virus-tested mericlones were compared to one another to 
determine any clonal differences for yield. 
3.)  The effect of virus on vine and root weight of sweetpotato in single hill plots 
The canopy of each plant was removed and weighed 90 days and 96 days, respectively, 
after planting in 1998 and 103 days in 1999.  Due to a severe weed problem, the first planting of 
1999 was not harvested. Vines were removed at the soil level and weighed.  Data is reported in 
grams/plant fresh weight.  The roots of the plants were dug concurrent with vine removal.  Roots 
were weighed as whole hill weights. 
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4.)  The effect of virus on skin color of sweetpotato 
 A sample of 4 roots was collected from each plot in each rep for a total of 12 roots per 
clone and mericlone.  Color measurements were taken on the skin, flesh, and cortex of each root 
using a Minolta spectrophotometer cm 3500d (Minolta Co., Ltd., Osaka,Japan).  Skin 
measurements were taken from the mid section of the root.  Flesh measurements were taken by 
measuring the cross-section of the interior of the root. Cortex measurements were taken by 
measuring the cortex of the cross-section of the root. 
Results.  1.) The effect of virus on yield of sweetpotato. 
 Data could not be pooled for the two 1998 plantings because of significant interactions of 
virus*clone and virus*session (Table 1.2 and Table 1.3). Therefore, each planting session was 
analyzed separately (Tables 1.4-1.6). 
 Due to a shortage of planting material, only 5 clones and their respective mericlones were 
planted in the first session of 1998.  Only grades with significant yield differences between the 
virus-infected (v+) clone and its virus-tested (v-) mericlone are shown in Tables 1.4-1.6.  A 
significant difference was found for the virus-tested mericlones 97-6-1 and 97-9-7 (Table 1.4).  
The virus-tested mericlone 97-9-7 had a significantly greater yield of US#1 grade over its virus-
infected clone.  The yield of jumbo grade of both 97-6-1 and 97-9-7 was significantly greater 
than that of their respective virus-infected clone.  
In the second planting session of 1998, all clones were available for planting except the 
virus-tested mericlones 97-3-5, 97-5-1 and 97-10-11a6 (Table 1.5).  Virus-tested 97-6-1 had a 
significantly greater yield of US#1 grade over its virus-infected clone.  The virus-tested 
mericlone 97-2-1 had a significantly higher US#2 grade and Total Marketable Yield (TMY) than 
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Table 2.1  List of Beauregard sweetpotato clones and mericlones used in this study. 
___________________________________________________________________________ 
Clonex    Mericloney  
___________________________________________________________________________ 
97-1    97-1-3 
97-2    97-2-1 
97-3    97-3-5 
97-4    97-4-5 
97-5    97-5-1 
97-6    97-6-1 
97-7    97-7-4 
97-8    97-8-4 
97-9    97-9-7 
97-10    97-10-11a6 
97-11    97-11-10 
97-12    97-12-6 
Foundation Seed  
    B-63 
 
__________________________________________________________________________________________ 
 
x  Clone = virus-infected original root sample 
y  Mericlone = virus-tested meristem-tipped derived clone from original root sample 
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its virus-infected clone.  Again, the virus-tested mericlones 97-6-1 and 97-9-7 as well as 97-12-6 
had a significantly greater yield of jumbo grade over their virus-infected clone.  The overall 
mean between the virus-infected clones and the virus-tested mericlones was significantly 
different for U.S.#1, U.S.#2, Jumbo, and Total Marketable Yield.  Differences were 92%, 42%, 
190% and 20%, respectively.  
 As in the 1998 data, the two planting sessions in 1999 could not be pooled because of the 
significant interactions of virus*clone and clone*session in the first planting.  The second 
planting session in 1999 did not have any significant differences between clones and mericlones 
(data not shown).  All planting material was available for the 1999 planting season.  There were 
significant yield differences in the first planting session between virus-infected clones and their 
respective virus-tested mericlones.  In the first planting session of 1999, three virus-tested 
mericlones, 97-9-7, 97-5-1, 97-2-1, had significant yield differences over their virus-infected 
clone (Table 1.6).  The mericlone 97-9-7 had a significantly higher yield of US#1.  The 
mericlone 97-5-1 has a significantly higher yield of US#2.  The mericlone 97-2-1 has a 
significantly greater yield of jumbos.  The overall mean between the virus-infected clones and 
the virus-tested mericlones was significantly different for U.S.#1, U.S.#2 and Jumbo grades.  
Differences were 65%, 55%, and 500%, respectively. 
 There is a trend over the planting dates in both years of the same three virus-tested 
mericlones, 97-9-7, 97-6-1, and 97-2-1, showing significant yield differences compared to their 
virus-infected clones.  Mericlone 97-9-7 had a significantly higher yield of US#1 in both early 
planting dates of 1998 and 1999 (1998= 502%) (1999= 207%).  Virus-tested mericlone 97-9-7 
also had a significantly higher yield of jumbo grade in both planting dates of 1998.  In the first 
planting session of 1998, the virus-tested mericlone 97-9-7 yielded 80 lbs versus 0 lbs for its 
virus-infected clone.  An earlier planting date during the month of May for this mericlone may 
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result in a higher yield of US#1.  Better sizing of the roots of this mericlone may depend on the 
early planting date. 
 Mericlone 97-6-1 had a significant yield difference of 110% for US#2 in the second 
planting of 1998.  The mericlone 97-6-1 also had a significantly higher yield of jumbo in both 
first and second planting dates in 1998, 700% and 503%, respectively. This suggested that this 
mericlone may mature earlier than the industry standard of 90 days for ‘Beauregard’ 
sweetpotato.    
Mericlone 97-2-1 had a significantly higher yield of US#2 grade (Table 1.5), Canner 
(data not shown) and Total Marketable Yield (TMY) for the second planting of 1998.  As a result 
of the significantly high yield of US#2 and also high yield in the US#1 and Canner (not shown) 
grades, TMY was affected.  Also, 97-2-1 has a significantly greater yield of jumbos in the first 
planting date of 1999. 
2.)  The effect of clone on yield of sweetpotato 
 This section compares virus-tested mericlones among themselves and virus-infected 
clones among themselves, and only shows those yield grades which are significant.  In the first 
planting of 1998, significant differences in yield of US#1, US#2, and TMY were found among 
the virus-infected clones (Table 1.7).  No significant differences were found for virus-tested 
mericlones in either planting date for 1998. 
 In the first planting of 1999, a significant yield difference in canners was found among 
virus-tested mericlones (Table 1.8).  No significant differences were found in the second planting 
of 1999 for the virus-tested mericlones.  No significant differences in yield were found for virus-
infected clones in either planting date for 1999. 
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3.)  The effect of virus on vine and root weight of sweetpotato in single plant plots 
 In the first planting of 1998, there was a significant difference in vine weight (163%) for 
the virus-tested mericlone 97-12-6 over its virus-infected clone 97-12 (Table 1.9).  There were 
no significant differences in root weight among the clones. 
 For the second planting in 1998, there were significant differences in vine weight and 
root weight (Table 1.10).  The virus-tested mericlones 97-2-1 and 97-11-10 had a significantly 
greater vine weight, 68% and 109% respectively, over their virus-infected clone 97-2 and 97-11.  
Also, the virus-tested mericlone B-63 had a significantly greater vine weight in comparison to 
Beauregard foundation seed and three other virus-tested mericlones.  Four virus-tested 
mericlones, 97-5-1, 97-9-7, 97-10-11a6, and 97-12-6, had significantly greater root weights, 
117%, 108%, 170%, and 172% respectively, than their  virus-infected clones, 97-5, 97-9, 97-10, 
and 97-12. 
 The second planting date of 1999 had no significant differences for vine weight.  Two 
mericlones, 97-6-1 and 97-10-11a6 had significant yield differences, 200% and 306% 
respectively, for root weight over their virus-infected clones 97-6 and 97-10 (Table 1.11).  There 
were no test results for the 1998 planting for reasons stated earlier. 
 4.)  The effect of virus on skin, flesh, and cortex color of sweetpotato 
 
 When the color data for skin, flesh, and cortex was pooled for 1998 and 1999, significant 
interactions occurred for rep*clone, rep*virus, rep*clone*virus, clone*year, and 
clone*virus*year.  Therefore color data was analyzed for each year separately (Tables 1.12-
1.17).  However, significant interactions occurred for rep*clone, rep*virus, rep*clone*virus, 
clone*virus even when the data was separated by year.  Therefore, data was analyzed by 
individual planting date (Tables 1.18-1.21). 
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 A Minolta spectrophotometer cm 3500d (Minolta Co., Ltd., Osaka, Japan) was used to 
determine Hunter color values (Hunter, 1958).  Color measurements were taken on freshly 
harvested, hand washed roots for each planting date.  This system is based on L, a, and b 
measurements where L= lightness, a= green–red scale, b=blue- yellow scale, and H= hue and 
intensity.  This method measures color by using a positive and negative number scale.  For the 
color value a, a positive value is perceived as a red color, a negative value a green color.  For the 
color value b, a positive value is perceived as a yellow color, a negative a blue color.  Lightness 
(L) is measured on a scale of 0-100 where 0= black and 100= white.  Hue is measured as the 
dimension of color or shade that is seen by humans (Paul Wilson, personal communication). 
 In the first planting of 1998, we found that the Hunter color value of  L and a was 
significant for skin of some virus-infected clones overall (Table 1.18).  Hue was also measured 
and considered significant.  Flesh and cortex color had no significant differences in the first 
planting of 1998.  For the color value L, three virus-infected clones, 97-1, 97-9, and 97-12, were 
significantly lighter than their respective virus-tested mericlones ( Table 1.18) for skin color.  For 
the color value a, 4 out of the 5 virus-tested mericlones (97-1-3, 97-6-1, 97-9-7, and 97-12-6) 
were significantly more red than their respective virus-infected mericlones (Table 1.18).  The H 
value for hue for skin was significantly greater for 4 virus-infected clones: 97-1, 97-6, 97-9, and 
97-12. 
 In the second planting of 1998 (Table 1.19), there were significant differences among 
virus-infected clones and virus-tested mericlones for color values of  L, a, and b.  Hue was not 
significant.  The  L value was significant for skin (Table 1.19).  Five virus-infected clones (97-4, 
97-6, 97-9, 97-11, and 97-12) had lighter skin in comparison to their respective virus-tested 
mericlones.  For skin color value a (Table 1.19), 2 virus-tested mericlones 97-9-7 and B-63, were 
significantly more red color.  For a color value for flesh and cortex(Table 1.19), one virus-tested 
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mericlone, 97-12-6, had a significantly oranger flesh and cortex than its virus-infected clone 
counterpart.  For skin color value b (Table 1.19), 3 virus-infected clones (97-4-5, 97-7-4, and 97-
9-7) had a significantly yellower skin than their respective virus-infected clones.  For b color 
value for flesh and cortex (Table 1.19), 2 virus-tested mericlones (97-11-10 and 97-12-6) had a 
significantly yellower flesh and cortex than their virus-infected clone counterparts.  There were 
no significant differences in hue for skin, flesh, or cortex. 
 In the first planting of 1999 (Table 1.20), the color values L, a, b, and hue were 
significant overall.  The value L was significant for skin, flesh, and cortex (Table 1.20).  Eight 
virus-infected clones (97-1, 97-2, 97-3, 97-5, 97-7, 97-8, and 97-10) had a significantly lighter 
skin than their virus-tested mericlone counterparts.  Two virus-tested clones, 97-3 and 97-11, had 
a significantly lighter flesh color than their virus-tested counterparts (Table 1.20).  One virus-
infected clone 97-12 had a significantly lighter cortex than its virus-tested mericlone (Table 
1.20).  For color value a for skin (Table 1.20), 11 virus-tested mericlones (97-1-3, 97-2-1, 97-5-
1, 97-6-1, 97-7-4, 97-8-4, 97-9-7, 97-10-11a6, 97-11-10, 97-12, and B-63) were significantly 
redder than their virus-infected clone counterparts.  For color value a for flesh, 8 virus-tested 
mericlones (97-1-3, 97-3-5, 97-5-1, 97-6-1, 97-7-4, 97-8-4, 97-9-7, and 97-11-10) had oranger 
flesh than their respective virus-infected clones.  There were no significant differences in cortex 
for the color value a.  For the color value b, only the skin had any significant differences.  Eight 
virus-infected clones (97-1, 97-3, 97-4, 97-5, 97-6, 97-7, 97-9, and 97-11) had a more significant 
yellow skin than their respective virus-tested mericlones (Table 1.20).  There were no significant 
differences for b color value in flesh and cortex.  Hue was significantly different for skin and 
flesh (Table 1.20).  Nine virus-infected clones (97-1, 97-3, 97-5, 97-6, 97-7, 97-8, 97-9, 97-11, 
and 97-12) had a more significant hue or shade for skin than their respective virus-tested 
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mericlones.  Four virus-infected clones (97-7, 97-8, 97-9, and 97-12) had a darker hue for flesh 
when compared to their virus-tested mericlones. 
 In the second planting of 1999 (Table 1.21), the color values L, a, b, and hue all had 
siginificant differences among treatments.  For color value L, skin, flesh, and cortex were 
significant among the treatments.  Seven virus-infected clones (97-4, 97-5, 97-7, 97-8, 97-11, 97-
12, and foundation seed) had significantly lighter skin (color value L) than their respective virus-
tested clones (Table 1.21).  One virus-tested mericlone, 97-1-3, was significantly lighter than its 
virus-infected clone counterpart.  For color value a, skin, flesh and cortex were all significant 
(Table 1.21).  Three virus-tested mericlones, 97-5-1, 97-7-4, and 97-8-4 had significantly redder 
skin than their respective virus-tested clones.  One virus-infected clone, 97-11, had a 
significantly redder skin than its virus-tested mericlone (Table 1.21).  For the color value a, 5 
virus-tested mericlones (97-2-1, 97-3-5, 97-8-4, 97-9-7, and B-63) had oranger flesh than their 
respective virus-infected clones (Table 1.21).  For cortex color value a, 3 virus-infected clones 
(97-1, 97-9, and foundation seed) and 3 virus-tested mericlones (97-7-4, 97-8-4, and 97-10-11a6) 
had significantly oranger (Table 1.21). Color value b had significant differences for skin and 
flesh (Table 1.21).  For skin, 4 virus-infected clones (97-4, 97-7, 97-8, and 97-12) had a more 
significant yellow skin (color value b) than their respective virus-tested mericlones (Table 1.21).  
For b color value for flesh, 3 virus-infected clones (97-6, 97-10, and 97-11) and 4 virus-tested 
mericlones (97-2-1, 97-3-5, 97-9-7, and B-63) had a yellower flesh than their respective clones 
and mericlones (Table 1.21).  There were no significant b values for cortex.  Flesh and cortex 
had significant differences in hue (Table 1.21).  Four virus-infected clones (97-7, 97-8, 97-9, and 
foundation seed) had significant differences over their respective mericlones for flesh hue.  Two 
virus-tested mericlones, 97-10-11a6 and 97-11-10, had significant differences for flesh hue over 
their respective virus-infected clones (Table 1.21).  For cortex hue, 3 virus-infected clones (97-7, 
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97-8, and foundation seed) had significant differences when compared to their virus-tested 
mericlone counterparts. 
 Consistent in both planting years was the fact that virus-tested roots had a significantly 
more red skin than virus-infected roots (significant in both years and both planting dates).  Eight 
out of 12 virus-tested mericlones (97-1-3, 97-5-1, 97-6-1, 97-7-4, 97-8-4, 97-9-7, 97-12-6, and 
B-63) had a redder skin than their virus-infected clones in 2 out of 4 plantings.  Also in both 
planting years, virus-infected roots had a significantly lighter and yellower skin than virus-tested 
roots.  Nine out of 12 virus-infected clones (97-1, 97-4, 97-5, 97-7, 97-8, 97-9, 97-11, and 97-12) 
had a significantly lighter skin than their respective virus-tested mericlones in 2 out of 4 
plantings.  The flesh and cortex of some of the virus-infected roots had a darker hue but this only 
occurred in one planting date. 
 
Table 2.2.  Results of the combined analysis of variance for the yield grades of both sweetpotato  
planting sessions in 1998.     
              
Source of      
Variance US#1z US#2 Canner Jumbo TMY 
       
Session NS NS NS NS NS 
rep(session) NS NS NS NS NS 
Virus  ** * NS *** NS 
Clone  NS NS NS NS ** 
virus*clone NS NS NS * NS 
virus*session NS NS NS *** NS 
clone*session NS NS NS NS NS 
virus*clone*session NS NS NS NS NS 
              
       
NS, *, **, ***   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
z 
Sizes of roots:  U.S. #1:  5.1-8.9 cm diameter, 7.6-22.9 cm long; U.S.#2:  <36 oz, <4 cm 
in diameter; canner:  2.5-5.1 cm diameter, 5.1-17.8 cm long; jumbo:  larger than U.S. #1 
in diameter or length or both, and without objectionable defects. 
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Table 2.3.  Results of the combined analysis of variance for the yield grades of both sweetpotato 
planting sessions in 1999.        
                 
Source of         
Variance US#1z US#2 Canner Jumbo TMY      
          
Session NS NS *** *** ***    
rep(session) *** *** *** *** ***    
Virus  *** *** NS *** ***    
Clone  NS NS * NS NS    
virus*clone ** NS NS ** NS    
virus*session NS NS NS NS NS    
clone*session NS NS ** NS NS    
virus*clone*session NS NS NS NS NS    
                   
          
NS, *, **, **   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA.  
z 
Sizes of roots:  U.S. #1:  5.1-8.9 cm diameter, 7.6-22.9 cm long; U.S.#2:  <36 oz, <4 cm 
in diameter; canner:  2.5-5.1 cm diameter, 5.1-17.8 cm long; jumbo:  larger than U.S. #1 
in diameter or length or both, and without objectionable defects. 
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Table 2.4.  Average yield of sweetpotato virus-infected clones and virus-tested mericlones in 
the first planting test at Baton Rouge, LA in 1998. 
______________________________________________________________________________ 
                            Avg. yield (Mt . ha -1)y 
Clone    Mericlone       US#1               Jumbo   Total 
97-1        2.9bcz                 0.0c   12.9 
             97-1-3  4.5abc                0.8bc    14.5 
 
97-6        4.5bc                 0.5c   16.8 
            97-6-1  5.8abc               3.9ab  SD  16.3 
 
97-8        0.5c                   0.0c   4.4 
             97-8-4  3.8abc               3.4abc   11.9 
 
97-9          1.7bc                  0.0c   11.7 
             97-9-7  10.3a  SD             4.5a SD   21.8 
 
97-12        6.4abc               1.1abc   21.0 
             97-12-6 8.3ab                2.1abc   17.4 
Overall Mean Clone  3.2   0.3   13.4 
  Mericlone 6.54 SD   2.9 SD   16.4 
______________________________________________________________________________ 
      y  Sizes of roots:  U.S.#1:  5.1-8.9 cm diameter, 7.6-22.9 cm long; jumbo: larger than 
        U.S. #1 in diameter or length or both, and without objectionable defects. 
      z Results within a column followed by common letter do not differ significantly by LSD test, 
        5% level. 
     SD Significant difference 
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Table 2.5.  Average yield of sweetpotato virus-infected clones and virus-tested  
mericlones in the second planting test at Baton Rouge, LA in 1998. 
______________________________________________________________________________ 
                            Avg. yield (Mt . ha -1)y 
Clone    Mericlone US#1     US#2      Jumbo        Total 
 
97-1        7.1abz     7.1cdefg   4.5cdef     21.4abc 
             97-1-3  6.0abc     8.8abcde   6.4cdef     21.3abc 
 
 
97-2        0.5c       4.9defg       0.0f       12.4cde 
  97-2-1  5.0abc     11.9abc    5.8cdef     25.2ab  SD 
 
 
97-3        4.1abc    7.5bcdefg  5.1cdef     19.7abc 
  97-3-5  ----        ----        ----        ---- 
 
 
97-4        6.2abc    5.8defg     3.1def     21.6abc 
  97-4-5  7.4ab     9.2abcde   8.1bcde     25.8ab 
 
 
97-5        .1c        1.8g       .9f         6.2e 
  97-5-1  ----        ----        ----        ---- 
 
 
97-6          4.8abc      6.2cdefg    1.9ef      18.5abc 
  97-6-1  10.2a      13.2ab SD 2.8cdef SD   31.4a 
 
 
97-7        2.7bc      7.0cdefg      0.9f       18.4bcd 
  97-7-4  3.2bc     8.5abcdef   2.8def    17.9bcde 
 
 
97-8        3.2bc     4.9defg     1.6ef     15.3bcde 
  97-8-4  6.0abc     8.3abcdef  5.8cdef     18.3abc 
 
 
97-9        3.0bc       5.9defg       0.6f      17.5bcde 
  97-9-7  6.6abc    10.5abcd    15.1ab SD  24.7ab 
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Table 2.5 continued 
______________________________________________________________________________ 
                            Avg. yield (Mt . ha-1)x 
Clone    Mericlone US#1     US#2      Jumbo        Total 
 
97-10        2.3bcy      3.7efg      0.4f        12cde 
  97-10-11a6 ----        ----        ----        ---- 
 
 
97-11            4.1abc    6.2defg       0.0f       16.8bcde 
  97-11-10 4.5abc     7cdefg     3.1def    16.1bcde 
 
 
97-12        3.1bc      6.0defg       0.8f       17.1bcde 
  97-12-6 5.3abc     9.0abcde      16a   SD  21.1abc 
 
 
FSz    10.1a      13.6a     9.5abcd      30.6a 
 
B-63  27.2cd       2.6gf       0.6f        7.8de 
 
Overall Mean Clone  3.9  6.2  2.3  17.5 
  Mericlone 7.5 SD  8.9 SD  6.7 SD  21.0 SD 
 
______________________________________________________________________________ 
 
x   Sizes of roots:  U.S.#1:  5.1-8.9 cm diameter, 7.6-22.9 cm long; U.S.#2:  <36oz, <4 cm  
    in diameter; jumbo:  larger than U.S.#1 in diameter or length or both, and without 
    objectionable defects. 
y   Results within a column followed by common letter do not differ significantly by LSD  
     test,5 % level. 
z   Foundation seed 
-- no data 
SD  Significant difference 
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Table 2.6.  Average yield of sweetpotato virus-infected and virus-tested mericlones in the 
first planting test at Baton Rouge, LA in 1999. 
______________________________________________________________________________ 
                              Avg. yield (Mt . ha-1)x 
Clone    Mericlone US#1       US#2        Jumbo          Total 
 
97-1        10.3abcdey      1.8d          0.0c         19.6 
  97-1-3  12.1abcd     3.1abcd       1.5abc       28.2 
 
 
97-2        4.3de       4.1abcd         0.0c         18.1 
  97-2-1  13.4abcd       8.1a         4.7a  SD    31.1 
 
 
97-3        8.2bcde      5.1abcd        0.5c        25.2 
  97-3-5  14.3abc      4.3abcd        0.1c          33.4 
 
 
97-4        12.2abcde    3.9abcd         0.0c         26.8 
  97-4-5  10.7abcde    4.3abcd       1.2bc        25.5 
 
 
97-5        3.4e         1.1d          0.0c           12.0 
  97-5-1  8.8abcde      6.5ab  SD    1.2bc       22.6 
 
 
97-6        9.0abcde       3.5bcd        0.6bc        26.9 
  97-6-1  16.2ab      5.2abcd         0.0c          33.7 
 
 
97-7        11.0abcde      4.5abcd       1.2bc        26.2 
  97-7-4  13.5abcd     4.3abcd        0.7bc        27.8 
 
 
97-8        8.5abcde     4.6abcd        0.6bc       24.4 
  97-8-4  11.3abcde     5.0abcd        3.4ab       23.8 
 
 
97-9        5.8cde       3.1cde         0.0c         19.4 
  97-9-7  17.8a  SD   4.3abcd        1.0bc         29.7 
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Table 2.6 continued 
______________________________________________________________________________ 
                              Avg. yield (Mt . ha-1)x 
Clone    Mericlone US#1       US#2        Jumbo          Total 
 
97-10        12.3abcde     1.5cd          0.0c         25.6 
  97-10-11a6 14.2abcd      5.6abc       1.8abc       31.9 
 
 
97-11        7.3bcde       2.2cd          0.0c        23.7 
  97-11-10 11.9abcde     2.9cd          0.0c         28.6 
 
 
97-12         4.7cde        1.6d          0.0c        19.8 
  97-12-6 12.4abcde    3.2bcd         0.0c         25.8 
 
 
  B-63  13.1abcd      3.5bcd        0.3c         28.2 
 
FSz           6.9bcde        1.4d          0.0c        20.9 
 
Overall Mean Clone    8.0   3.0  0.2  22.2 
  Mericlone 13.1 SD  4.6 SD  1.2 SD  28.5 
 
______________________________________________________________________________ 
 
 
x   Sizes of roots:  U.S.#1:  5.1-8.9cm long; U.S.#2: <36oz, <4cm in diameter; 
    jumbo:  larger than U.S.#1 in diameter or length or both, and without 
    objectionable defects. 
y    Results within a column followed by common letter do not differ significantly by LSD 
    test, 5 % level. 
z   Foundation seed 
SD Significant difference 
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Table 2.7.  Significant yield differences among virus-infected sweetpotato clones in 1998. 
______________________________________________________________________________ 
 
                                1998  First Planting 
US#1x                        US# 2                   TMY 
Cloney   Mean                 Clone   Mean            Clone     Mean 
97-12   113.9az              97-6     107.4a          97-12     375.3a 
97-6     78.4ab               97-1     90.4a           97-6       299.8b 
97-9     30.4b                97-12   88.6a           97-9       208.4c 
97-8     9.4b                  97-9     56.6ab          97-1       153.5c 
97-1     0b                    97-8     14.5b           97-8       78.4d 
______________________________________________________________________________ 
 
x   Sizes of roots:  U.S.#1 5,1-8.9 cm diameter, 7.6-22.9 cm long; U.S.#2:  <36oz, <4 cm 
     in diameter. 
y   Clone = original virus-infected root sample 
z   Results within a column followed by common letter do not differ significantly by LSD  
     test, 5 % level. 
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Table 2.8.  Significant yield differences among virus-tested sweetpotato mericlones in 1999. 
______________________________________________________________________________ 
 
                              1999  First Planting 
   Cannerx  Total 
Mericloney             Mean   Mean 
97-3-5             264.1az  596.2 
97-1-3             254.8ab  576.1 
97-11-10           246.1abc  511.3 
97-6-1             220.5abcd  602.2 
97-10-11a6        215.1abcd  569.1 
B-63               206.9abcde  503.7 
97-4-5             186.8abcde  454.7 
97-12-10           181.3bcde  460.1 
97-7-4             177.5bcde  495.5 
97-2-1             171.5cde  554.8 
97-9-7             134.5de  529.3 
97-8-4             133.4e   424.7 
97-5-1             130.7e   403.5 
______________________________________________________________________________ 
 
x    Size of roots:  Canner:  2.5-5.1 cm in diameter, 5.1-17.8 cm long. 
 
y  Mericlone = virus-tested meristem-tipped derived clone from original root sample 
 
z    Results within a column followed by common letter do not differ significantly by LSD  
     test, 5 % level. 
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Table 2.9.  Vine weight (g) and root weight (g) of individual hill of sweetpotato virus-
infected clones and virus-tested mericlones in the first planting at Baton Rouge, LA in 
1998. 
______________________________________________________________________________ 
 
Cloney     Mericlonez Vine Weight (g)          Root Weight (g) 
 
97-1        2192.2 bx                1285.0 
  97-1-3  3326.2 ab                 377.8 
 
 
97-6        3024.2 ab               1814.4 
  97-6-1  4876.2 ab               1890.2 
 
 
97-8        2535.4 b                  869.6 
  97-8-4  4384.9 ab                 453.6 
 
 
97-9        3515.4 ab                 869.6 
  97-9-7  3591.2 ab               1890.2 
 
97-12       2268.0 b                 1738.6 
  97-12-6 5972.6 a SD             1776.8 
 
Overall    Clone  1967.6                1315.4 
Mean     Mericlone 4430.2 SD             1277.7 
______________________________________________________________________________ 
   x     Results within a column followed by common letters do not differ significantly by LSD  
         test, 5% level. 
     y   Clone = virus-infected original root sample 
     z   Mericlone = virus-tested meristem-tipped derived clone from original root sample 
   SD   Significant difference 
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Table 2.10.  Vine weight (g) and root weight (g) of individual hill of sweetpotato virus-
infected clones and virus-tested mericlones in the second planting at Baton Rouge, LA in 
1998. 
______________________________________________________________________________ 
 
Cloney     Mericlonez Vine Weight (g)          Root Weight (g) 
 
97-1        14072.9 abcx           4604.0 ab 
  97-1-3    9230.8 b-h         4411.3 ab 
 
 
97-2          8584.3 c-h          2007.2 d-g 
  97-2-1  14424.5 ab   SD        3572.1 a-f 
 
 
97-3          9514.3 b-h         4150.4 a-d 
  97-3-5    9673.0 b-h           3027.8 a-g 
 
 
97-4          7132.9 fgh             4105.1 a-e 
  97-4-5  10999.8 a-h       4093.7 a-e 
 
 
97-5        11907.0 a-g          2120.6 c-g 
  97-5-1  11033.8 a-h       4592.7 ab  SD 
 
 
97-6            9242.1 b-h         3402.0 a-g 
  97-6-1    7609.1 e-h            3118.5 a-g 
 
 
97-7            9083.3 b-h         4161.8 a-d 
  97-7-4  12542.0 a-f           3413.3 a-g 
 
 
97-8            8130.8 e-h            1270.1 g 
  97-8-4    9072.0 b-h           3299.9 a-g 
 
 
97-9            6724.6 gh              2426.8 b-g 
  97-9-7    7439.0 e-h              4978.3 a  SD 
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Table 2.10 continued 
______________________________________________________________________________ 
Clone     Mericlone Vine Weight (g)       Root Weight (g) 
 
97-10           5670.0 h                 1440.2 fg 
  97-10-11a6   8402.9 d-h           3889.6 a-e  SD 
 
 
97-11           6078.2 h               1871.1 efg 
  97-11-10 12712.1 a-d  SD        3526.7 a-f 
 
 
97-12           8958.6 b-h         1961.8 d-g 
  97-12-6 13721.4 a-d           4774.1 a  SD 
 
 
FS              8176.1 a               1621.6 fg 
 
  B-63  16284.2 e-h  SD        4286.5 abc  SD 
 
Overall     Clone    8713.5                2703.3 
mean        Mericlone 10599.3  SD            3921.9  SD 
______________________________________________________________________________ 
 
   x     Results within a column followed by common letter do not differ significantly by LSD test, 
         5% level. 
   y   Clone = virus-infected original root sample 
   z   Mericlone = virus-tested meristem-tipped derived clone from original root sample 
   SD   Significant difference 
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Table 2.11.  Vine weight (g) and root weight (g) of individual hill of sweetpotato virus-
infected clones and virus-tested mericlones in the second planting at Baton Rouge, LA in 
1999. 
______________________________________________________________________________ 
 
Cloney     Mericlonez Vine Weight (g)      Root Weight (g) 
 
97-1        3659.2          2298.4b-ex 
  97-1-3  2328.3          1950.5b-e 
 
 
97-2        2918.0           2781.9a-e 
  97-2-1  2766.9          1829.4b-e 
 
 
97-3        2162.3          1148.9b-e 
  97-3-5  1708.7          1466.5b-e 
 
 
97-4        2389.1          1315.4b-e 
  97-4-5  2645.8          1769b-e 
 
 
97-5        2056.2          1088.6cde 
  97-5-1  3084.5          2328.3b-e 
 
 
97-6          2812.3          1542.2b-e 
  97-6-1  4188.1          4611.8a     SD 
 
 
97-7          1255.1          937.6de 
  97-7-4  3190.2          2298.4b-e 
 
 
97-8          4097.4          2116.9b-e 
  97-8-4  4278.8          2358.7b-e 
 
 
97-9          2298.4          1209.8b-e 
  97-9-7  3734.5          2978.8a-d 
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Table 2.11 continued 
______________________________________________________________________________ 
 
Clone     Mericlone Vine Weight (g)    Root Weight (g) 
 
97-10         1481.9            695.4e 
  97-10-11a6 3220.6          3190.2abc   SD 
 
 
97-11         3084.5          2222.6b-e 
  97-11-10 3371.6          2071.6b-e 
 
 
97-12         3054.1          1602.6b-e 
  97-12-6 2328.3          3265.9ab 
 
 
FS            4218.5          2131.9b-e 
  B-63  3553.0            2389.1b-e 
 
Overall     Clone  2729.8           1622.5 
mean        Mericlone 3107.6           2500.6  SD 
______________________________________________________________________________ 
 
   
x    Results within a column followed by common letter do not differ significantly by           
      LSD test, 5% level. 
y    Clone = virus-infected original root sample 
z    Mericlone = virus-tested meristem-tipped derived clone from original root sample 
SD  Significant difference 
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Table 2.12.  Results of the combined analysis of variance for sweetpotato skin color of 
both planting sessions in 1998. 
______________________________________________________________________________ 
                          Hunter Color Valuesz 
Source of 
variance            L         A      B      H 
rep                 ***       ***       ***       ** 
clone               ***       ***       **       *** 
virus               ***       ***       ***       NS 
rep*clone           NS        NS        **       *** 
rep*virus           NS        NS        NS        NS 
clone*virus         NS        NS        *         NS 
rep*clone*virus     NS        **        NS        NS 
______________________________________________________________________________ 
 
z L=diffuse reflectance or lightness, a=redness or greenness, b=blueness or yellowness, 
   and H=hue. 
NS, *, **, ***   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
 
 
 
 
Table 2.13.  Results of the combined analysis of variance for sweetpotato skin color of 
both planting sessions in 1999. 
______________________________________________________________________________ 
                          Hunter Color Valuesz 
Source of 
variance            L         A         B         H 
rep                 ***       *         NS        NS 
clone               ***       ***       ***       NS 
virus               ***       ***       ***       NS 
rep*clone          ***       NS        **        NS 
rep*virus           NS        NS        *         NS 
clone*virus        ***       *        ***       NS 
rep*clone*virus     **       ***       ***       NS 
______________________________________________________________________________ 
 
       z L=diffuse reflectance or lightness, a=redness or greenness, b=blueness or yellowness, 
   and H=hue. 
NS, *, **, **   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
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Table 2.14.  Results of the combined analysis of variance for sweetpotato flesh color of 
both planting sessions in 1998. 
______________________________________________________________________________ 
                          Hunter Color Valuez 
Source of 
variance            L         A         B         H 
rep                  NS        NS        **        ** 
clone                NS       ***       *         * 
virus                NS        **        **        NS 
rep*clone           NS        **        NS        NS 
rep*virus           NS        NS        NS        NS 
clone*virus         NS        NS        NS        NS 
rep*clone*virus     NS        NS        NS        NS 
______________________________________________________________________________ 
 
 z L=diffuse reflectance or lightness, a=redness or greeness, b=blueness or yellowness 
    and H=hue. 
NS, *, **, ***   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
 
 
 
 
 
Table 2.15.  Results of the combined analysis of variance for sweetpotato flesh color of 
both plantings in 1999. 
______________________________________________________________________________ 
                          Hunter Color Valuez 
Source of 
variance            L         A         B         H 
rep                  NS        NS        NS        NS 
clone               ***       ***       ***       *** 
virus               ***       ***       NS       *** 
rep*clone          ***       NS       ***       NS 
rep*virus           NS        NS        *         NS 
clone*virus        ***       ***       **       *** 
rep*clone*virus    ***       ***       ***       NS 
______________________________________________________________________________ 
 
z L=diffuse reflectance or lightness, a=redness or greeness, b=blueness or yellowness 
   and H=hue. 
NS, *, **, **   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA.   
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Table 2.16.  Results of the combined analysis of variance for sweetpotato cortex color of 
both plantings in 1998. 
______________________________________________________________________________ 
                          Hunter Color Valuesz 
Source of 
variance            L         A         B         H 
rep                  **        NS        NS        NS 
clone                **       ***       **       *** 
virus                NS        **        NS        NS 
rep*clone           NS        NS        NS        * 
rep*virus           NS        *         *         NS 
clone*virus         NS        *         NS        * 
rep*clone*virus     NS        NS        NS        * 
______________________________________________________________________________ 
 
z L=diffuse reflectance or lightness, a=redness or greenness, b=blueness or yellowness     
and H=hue. 
NS, *, **, ***   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
 
 
 
 
Table 2.17.  Results of the combined analysis of variance for sweetpotato cortex color of 
both plantings in 1999. 
______________________________________________________________________________ 
                          Hunter Color Valuesz 
Source of 
variance            L         A         B         H 
rep                  **        NS        NS        NS 
clone               ***       ***       NS       *** 
virus               ***       ***       NS       *** 
rep*clone          ***       ***       NS        NS 
rep*virus          ***       ***       NS        NS 
clone*virus        ***       ***       NS       *** 
rep*clone*virus    ***       ***       NS        NS 
______________________________________________________________________________ 
 
z L=diffuse reflectance or lightness, a=redness or greenness, b=blueness or yellowness 
and H=hue. 
NS, *, **, **   Nonsignificant or significant at P ≤ 0.05, 0.01, 0.001 by ANOVA. 
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Table 2.18.  Hunter color values for skin, flesh, and cortex measurements of virus-tested (v-) mericlones and virus-infected 
(v+) clones of sweetpotato in the first planting of 1998. 
____________________________________________________________________________________________________________ 
                                                      Hunter color valuesa 
                       L                         a                         b                         H 
Clone  Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-1    v+   58.3a*  68.8    72.7    19.2d     28.4    29.6     20.8    35.8     40.9    47.3ab*   51.6    54.3 
       v-   52.7c    70.7    73.2    21.1abc*  28.6    27.5     18.3    36.1     39.9    40.9d       51.6    55.7 
 
97-6    v+   58.5a    70.7    73.2    18.9d      29.0    29.2    22.2    36.8     40.3    49.5a*      51.7    54.3 
       v-   55.4abc 69.5   71.2    22.4a*    29.5   31.1     20.8    37.6     39.8    42.3cd      51.9    53.4 
 
97-8    v+   56.3ab  68.7    76.1    19.7cd     26.0     24.1  18.1    33.7      37     42.3cd      52.3    56.9 
       v-   54.3bc  71.7    74.8    20.2bcd   28.4  25.8     19.4    36.4      38.9    43.9cd      52.0    56.7 
 
97-9    v+   57.9a*  67.9    71.5    19.9bcd  29.0     29.3      21.0    37.8     40.4    46.5abc*  52.5    54.1 
       v-   53.7bc  68.3    71.3    22.4a*    28.7   30.9     19.1    36.5      41.8    40.4d       51.8    53.5 
 
97-12   v+   58.9a*  69.9     73     19.7cd    28.1    28.8     20.6     35.7     39.8    46.3abc* 51.8    54.3 
       v-   54.3bc  71.7    70.1    21.6ab*  28.5    32.4      18.0    37.6     42.1    39.6d      52.8    52.3 
 
Overall      Clone 57.9* 69.2 73.3  19.5    28.1   28.2  20.5 35.9 39.6  46.4*    51.9   54.8 
Mean        Mericlone 54.0 70.4 72.1  21.5*    28.7   29.5*  19.1 36.8* 40.5  41.4    52.0   54.3 
____________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (positive value) or greenness (negative), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.19.  Hunter color values for skin, flesh, and cortex measurements of virus-tested (v-) mericlones and virus-infected 
(v+) clones of sweetpotato in the second planting of 1998. 
____________________________________________________________________________________________________________ 
                                                  Hunter color valuesa 
                      L                         a                      b                         H 
Clone Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-1   v+   59.2cdef 72.7     71       16.4abcd 25.8abcd 21.1def 20.2abcd 33.9abcd 35.1abc  51.4     52.8     58.2 
v-   58.9cdef 71.3     72.2     16.9abcd 27.7a    22.3bcde 19.1efgh 36.2a    37.9ab   48.2     52.5     59.7 
 
97-2   v+   60.5bcde 72.6     70.1     16.0bcde 24.5cdef 23.6abcd 21.7ab   34.6abcd 36.9abc  53.5     54.7     58.1 
 v-   60.7abcd 72.9     70       15.7bcde 24.2efgh 21.9cdef 20.4abcd 33.1cdef 36.7abc  53.0     54.8     59.7 
 
97-3   v+   62.2ab   72.4     67.1     15.6cdef 23.4gh   20.4efg  20.5abcd 33.4bcde 34.6bc   77.5     54.9     55.9 
v-   --       --       --       --       --       --       --       --       --       --       --       -- 
 
97-4   v+   61.7abc* 72.3     68.5     15.5defg 25.6abcd 24.1abcd 21.6ab*  34.6abcd 35.4abc  54.4     53.5     56.1 
v-   58.7defg 72.7     67.9     16.6abcd 25.7abcd 24.1abcd 18.8fgh  35.5abcd 34.8abc  48.3     54.1     55.9 
 
97-5   v+   58.7defg 71.2     67.5     16.7abcd 27.5ab   26.2a    18.4gh   35.9ab   37.5abc  47.4     52.9     55.9 
v-   --       --       --       --       --       --       --       --       --       --       --       -- 
 
97-6   v+   63.3a*   69.1     71.3     15.7bcde 24.8cdef 24.9abc  21.4ab   32.8def  37.7ab   53.6     53.4     56.7 
v-   60.2bcde 71.8     69.1     15.2fg   26.8abc  24.9abc  20.8abcd 34.9abcd 36.5abc  53.8     52.9     55.9 
 
97-7  v+   60.7bcde 71.3     71       16.2bcde 25.3bcde 23.2abcd 21.2abcd 33.4bcde 34.8abc  52.6     52.6     54.4 
v-   58.2efgh 71.4     71.6     17.1abc  25.8abcd 23.2abcd 18.5gh   34.7abcd 35.4abc  47.3     52.5     56.9 
__________________________________________________________________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (positive value) or greenness (negative), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.19 continued. 
____________________________________________________________________________________________________________ 
                                                    Hunter color valuesa 
                       L                         a                         b                         H 
Clone Virus    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-8   v+   60.4bcde 68.3     73.4     14.7g    23.4hg   16.9g    20.6abcd 32.8edf  35.8abc  54.2     54.8     65.1 
v-    59.8bcde 75.7     72.2     14.8fg   24.1efgh 20.2gf   21.3abc  32.5ef   35.5abc  55.2     53.4     60.3 
 
97-9   v+    61.6abc* 73.6     72.2     15.8bcde 25.6abcd 20.9ef   21.9a*   33.5bcde 36.7abc  54.2     52.4     61.7 
v-    57.7fgh  70.9     70.9     17.9a*   26.3abcd 24.6abcd 17.7h    34.9abcd 38.2ab   44.7     53.8     57.4 
 
97-10  v+    61.5abc  74.3     70.6     15.6cdef 23.8fgh  20.3gf   18.9efgh 33.5abcd 35.9abc  52.1     54.9     60.6 
v-    --       --       --       --       --       --       --       --       --       --       --       -- 
 
97-11  v+    59.1cdef 66.7     62.9     16.4abcd 24.3defg 22.9abcd 19.2efgh 31.7f    33.9c    49.5     49.7     51.7 
v-    55.9h    70.1     69.3     16.6abcd 26.2abcd 25.6ab   19.3defg 35.4abcd 38.5a*   49.4     53.6     56.5 
 
97-12  v+    61.3abcd 69.9     66.7cd   16.3abcd 22.9h    20.7ef   19.3defg 31.5f    33.9c    47.7     50.5     53.3 
v-    58.1efgh 71.9     69.9abc  16.9abcd 25.3bcde 26.0a*   19.4cdef 34.9abcd 38.4a*   48.4     53.8     55.9 
 
F/S    v+    59.0cdef 74.9     70.4     15.7cdef 26.3abcd 20.9def  19.9bcde 36.0ab   33.9c    51.2     53.9     58.8 
B-63   v-    56.9gh   73.5     70.8     17.4ab*   26.5abcd 22.8abcd 18.7fgh  35.6abc  36.3abc  47.7     53.3     58.2 
 
Overall Clone  60.7* 71.4 70.3 15.8 24.8 22.0 20.4* 33.6 35.5 53.7 53.1 57.4 
Mean Mericlone  58.5 72.2 70.3 16.5* 25.8* 23.5* 19.4 34.7* 36.8 57.3 53.4 57.6* 
__________________________________________________________________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (positive value) or greenness (negative), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.20.  Hunter color values for skin, flesh, and cortex measurements of virus-tested (v-) mericlones and virus-infected 
(v+) clones of sweetpotato in the first planting of 1999. 
____________________________________________________________________________________________________________ 
                                                   Hunter color valuesa 
                      L                         a                         b                         H 
Clone Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-1   v+   58.9a*   71.3c-f 71.1f-1   7.2k    31.4d-g 23.5     21.7abc* 39.4     34.8     51.7ab*  51.3d-g* 56.6 
v-   53.8f-i 70.9e-h 71.9c-f 20.3a-d* 33.6ab*  20.3     20.2f-i 41.2     30.6     46.8d-g 50.6h    56.7 
 
97-2   v+   57.2a-d* 71.8a-d 72.7a-d 18.3g-j 30.4g-j 19.8     21.0b-e 39.7     31.9     49.4bcd  53.0a    58.5 
v-   53.3g-j 72.4abc  71.9d-g 19.5b-e* 30.3hij  20.9     20.5d-g 39.2     33.2     46.7d-g 52.5ab   58.4 
 
97-3   v+   58.9a*   73.0a*   74.0a    17.2k    30.6g-j 22.2     22.4a*   39.6     35.6     51.9ab*  52.5ab*   57.1 
v-   52.9ij   70.4h    72.4abcd 20.0a-d* 32.9abc* 21.6     19.9h-k 40.5     33.2     44.2hi   50.9fgh  57.3 
 
97-4   v+   57.7abc* 71.6b-e 71.7d-g* 18.5f-i 30.8ghi  25.4     21.3a-d* 39.6     35.0     49.2bcd  51.7c-f 54.3 
v-   53.9f-i 71.6b-e 70.1hij  19.5b-e* 31.1e-h 22.9     20.1g-j 39.5     32.8     47.2d-g 51.3d-g 55.1 
 
97-5   v+   54.9e-h* 71.2c-f 70.0ij   17.6ijk  30.4g-j 22.9     20.2f-i* 38.3     33.8     49.4bcd* 51.4d-g 56.1 
v-   51.8j    70.9e-h 69.3j    19.8a-d* 32.6bcd* 23.2     18.2m    39.2     33.9     42.5i    50.8gh   55.1 
 
97-6   v+   57.1a-d 71.7b-e 73.7abc  17.5ijk  30.8ghi  22.3     21.7abc* 39.6     32.9     51.7ab*  51.9bcd  56.9 
v-   56.2b-e 71.6b-e 72.3b-e 19.2d-g* 33.8ab*  25.0     18.7lm   39.9     37.2     45.7e-h 51.5defg 55.9 
 
97-7   v+   57.2a-d* 71.1e-h 71.9d-g 18.9e-h 31.1f-i 19.3     21.6a-d* 39.4     30.5     47.7def* 51.9bcd* 58.8 
v-   53.3g-j 70.8gh   70.9g-j 19.9a-d* 32.5b-e* 23.9     19.6jkl  40.4     33.6     44.9ghi  50.9fgh  55.3 
__________________________________________________________________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (positive value) or greenness (negative), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.20 continued. 
____________________________________________________________________________________________________________ 
 
                                                   Hunter color valuesa 
                      L                         a                         b                         H 
Clone Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-8   v+   58.1ab*  72.8ab   72.8a-d* 17.7ijk  29.2j    18.2     21.9ab     37.6   30.1     52.5a*   52.4abc* 59.7 
v-   54.0f-i 72.1a-d 71.4e-h 19.3c-f* 31.0ghi* 21.2     20.8b-e   39.4   32.4     46.9d-g 51.3d-g 58.3 
 
97-9   v+   55.8c-f 72.1a-d 73.3a-d 17.6ijk  30.9ghi  23.1     21.3a-d*    40.4   36.7     50.6abc* 52.4abc* 57.9 
v-   55.2d-g 72.2a-d 73.9ab   20.6a*   33.8ab*  21.4     19.9h-k   38.8   33.4     45.3e-h 51.4defg 57.9 
 
97-10  v+   57.1a-d* 72.3a-d 72.7a-d 18.5f-i 30.6g-j 23.9     21.1b-e   39.2   33.1     50.6abc  51.0e-h 59.3 
v-   53.9f-i 71.4d-g 73.1a-d 20.3ab*  31.9c-f* 24.1     21.5a-d  37.9   34.7     48.0cde  50.7gh   58.7 
 
97-11  v+   53.1hij  71.3a-d* 71.5e-i   7.4jk 30.9ghi 21.3     21.5abcd*  39.6   34       50.9ab*  51.9bcd  58.3 
v-   52.3ij   70.8gh   71.9d-g 19.9a-d* 34.4a*   21.7     19.2klm    42.7   34.7     44.2hi   51.4d-g 58.1 
 
97-12  v+   56.3b-e 71.8b-e* 73.1a-d* 18.1h-k 30.8ghi  23.3     20.6c-f*   39.4   35.4     48.0cde* 51.9bcd* 55.8 
 v-   54.9e-h 71.0fgh  71.2f-i 19.6b-e* 32.6b-e* 24.5     19.8i-l   39.1   35.9     45.0f-i 50.9gh   55.2 
 
F/S    v+   55.6def  71.0a-d 72.9a-d 18.1h-k 31.1e-h 24.7     20.9b-e    39.0  36.0     49.1bcd  51.4d-g 55.9 
B-63   v-   55.5def  71.7c-f 72.4a-d 19.2d-g* 30.6g-j 23.3     20.4e-h   34.5   34.6     47.2d-g 51.8b-e 56.5 
 
Overall Clone 56.7* 71.7* 72.4* 16.3 30.6 22.3 21.3* 39.2 33.8 50.2* 51.9* 57.3* 
Mean Mericlone 53.9 71.3 71.7 19.7* 32.3* 22.6* 19.9 39.4* 33.8 45.7 51.2 56.8 
__________________________________________________________________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (negative value) or greenness (positive), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.21.  Hunter color values for skin, flesh, and cortex measurements of virus-tested (v-) mericlones and virus-infected 
(v+) clones of sweetpotato in the second planting of 1999. 
____________________________________________________________________________________________________________ 
                                                   Hunter color valuesa 
                      L                         a                         b                         H 
Clone Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-1   v+   54.8fgh  71.6e-h 66.3m    20.5abc  29.9b-e 26.0bcd* 18.4klm  28.5c-f 36.9     44.1     52.4efg  54.5ij 
v-   58.2b-e* 71.4f-i 70.6d-g* 20.3abc  30.4b-e 23.8efg  18.6jkl  37.8e-h 35.0     42.3     52.6efg  53.1fg-j 
 
97-2   v+   54.7fgh  71.9d-g* 73.6b*   19.5b-e 27.6gh   22.3fgh  20.1d-g 36.9h-k 34.4     46.4     53.3def  57.1def 
v-   54.6gh   70.4jkl  70.9c-f 18.4efg  29.7c-f* 22.9fgh  19.5f-i 40.2ab*  35.6     45.8     54.3cd   58.1cde 
 
97-3   v+   57.9b-e 73.1bcd  72.1b-e* 20.0a-d 27.5gh   22.3fgh  19.3g-j 36.2ijk  34.7     44.7     52.4efg  56.6e-h 
v-   60.0ab   71.8d-g 69.4f-k 21.a     30.5a-d* 24.4c-f 20.6c-f* 38.5c-f* 35.9     46.5     52.6efg  55.8f-j 
 
97-4   v+   58.9bc*  71.1h-k 70.1e-h 19.8a-d 28.9efg  25.2b-e 20.9cd*  37.8e-h 37.2     47.8     52.2fgh  56.1f-j 
v-   55.0fgh  71.2g-j 69.5g-j 19.6a-d 31.2abc*  26.2bc   18.7i-l 38.9b-e 39.5     47.2     51.0h    54.4j 
 
97-5   v+   56.7c-f* 68.9m    70.4d-g* 18.4gf   32.3a    25.3b-e 20.4d-g* 40.9a    38.2     47.6     51.5gh   56.3f-i 
v-   54.1h    71.7e-h* 67.8klm  20.0a-d* 30.7a-d 26.1bc   17.9lm   40.2ab   37.9     40.8     52.4efg  55.2g-j 
 
97-6   v+   57.9c-f 72.5c-f 71.5b-e* 19.3c-f 29.2d-g 23.3e-h 19.6e-h 40.2ab*  34.9     45.3     52.8efg  55.6f-j 
v-   55.9e-h 72.2d-g 69.2ijk  20.2a-d 28.3fg   25.2b-e 18.9h-k 37.3f-i 36.7     43.0     53.1def  54.9hij 
 
97-7   v+   59.0bc*  70.7j-i 71.7b-e* 18.1g    31.4abc  19.4jk   20.4d-g* 38.1d-g 30.2     50.5     54.1cd*  58.1cde* 
v-   49.3i    70.3kl   69.8f-i 19.9a-d* 31.1abc  29.5a*   17.1m    39.5a-d 38.0     36.1     52.6efg  55.4f-j 
__________________________________________________________________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (positive value) or greenness (negative), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
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Table 2.21 continued. 
____________________________________________________________________________________________________________ 
 
                                                   Hunter color valuesa 
                      L                         a                         b                         H 
Clone Virus   skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex    skin    flesh    cortex 
 
97-8   v+  61.8a*   76.7a*   76.7a*   16.1h    13.4k    9.4l     23.9a*   36.8h-k 39.9     58.7     70.7a*   77.9a* 
v-   59.1bc   72.7b-e 71.5b-e 18.4efg* 28.7efg* 21.5hij* 18.9h-k 37.7e-h 34.0     48.7     52.3e-h 56.9d-g 
 
97-9   v+   57.2c-f 72.9b-e 72.5bcd  20.9ab   25.9hi   25.2b-e* 19.9d-g 37.3g-j 37.5     42.0     55.0c*   55.4f-j 
v-   56.8c-f 71.7e-h 70.9c-f 20.0a-d 31.6ab*  21.2h-k 19.4g-j 39.9abc* 32.0     42.9     51.6gh   56.9edf 
 
97-10  v+   55.0fgh  69.7lm   70.9c-f 19.7a-d 30.3b-e 19.2k    20.0d-g 39.2b-e* 32.5     45.4     52.3efg  59.3bc 
v-   57.2c-f 70.9h-k* 71.9b-e 19.8a-d 30.0b-e 22.1gh*  20.1d-g  35.4k   33.7     49.2     55.1c*   58.5cd 
 
97-11  v+   58.5bcd* 72.7c-f 68.7jkl  18.3fg   27.8gh*  23.8d-g 22.6ab   39.1b-e* 36.3     49.5     55.1c    56.4e-h 
v-   55.1fgh  73.7bc   71.6b-e* 18.7d-h 24.7i    22.3fgh  21.9bc   37.1g-j 34.6     49.9     56.5b*   55.3g-j 
 
97-12  v+   59.2bc*  71.9d-g 66.9lm   18.4efg* 30.8a-d 21.7gh   20.9cde* 39.1b-e 33.7     53.8     52.1fgh  56.1f-j 
v-   56.2e-g 71.7d-g 66.7lm   15.5h    31.0a-d 21.4gh   18.5jkl  38.9bde  34.2     45.4     52.0fgh  56.3f-j 
 
F/S    v+   62a*     74.0b*   73.0bc*  15.8h    22.7j    26.8b*   20.9cd    35.9jk  35.2     54.2     57.4b*   60.3b* 
B-63   v-   55.2fgh  71.1h-k 66.8lm   16.0h    31.2abc* 19.9ijk  20.8c-f 40.2ab*  32.5     53.1     53.5ed   58.2cde 
Overall Clone 57.9* 72.1* 71.1* 18.8 27.5 22.2 20.5* 37.3 35.5* 48.4 54.7* 58.4* 
Mean Mericlone 55.9 71.6 67.4 19.0* 29.9* 23.5* 19.3 38.5* 35.3 45.4 53.0 56.0 
____________________________________________________________________________________________________________ 
 
       a  L = diffuse reflectance or lightness value (0 = black to 100 = white), a = redness (negative value) or greenness (positive), 
          b = blueness (negative) or yellowness (positive), and h = hue. 
       *  Significant difference 
 
 
 
  
 
 
 
 
51
Discussion.  In three out of four plantings, mericlones had significant yield increases for U.S.#1 
grade.  Mericlones overall had a significant yield increase from 92% to 505% in U.S.#1 grade in 
three plantings.  Clark found yield reduction of virus-tested ‘Beauregard’ sweetpotatoes were 
reduced up to 50% by graft inoculation with plants from virus-infected grower sources (Clark et. 
al., 2002).  Not all yield increases were significant in this study, viral strains and level of 
infection could possibly explain this incidence.  Clark et. al., 2002, found inoculation of virus-
tested ‘Beauregard’ sweetpotatoes with an isolate of russet crack strain of SPFMV did not 
significantly affect yield. 
Villordon and LaBonte (1995) found significant yield differences among foundation seed 
‘Jewel’ clones, but they did not take into consideration the effect viruses may have on yield 
variation.  Comparison of rank among virus-infected clones is confounded by variability in 
infection (severity and strain) and mutations.  Hence this data reveals little about the effect of 
mutations on yield.  The rank of virus-tested mericlones is more revealing in this aspect.  The 
fact that only canner grade for virus-tested mericlones in one planting session over both years 
had a significant yield difference suggests that viruses may have a more significant role in yield 
decline. 
In both planting dates in 1998, virus-tested plants had an average increase of 40% in vine 
weight and 30% in root weight.  In the one harvestable planting in 1999, virus-tested plants had a 
21% increase in vine weight and a 25% increase in root weight.  Overall, the virus-tested plants 
had at least a 21% increase in vine weight and a 25% increase in root weight.  These findings are 
consistent with those found by Kano et. a., (1999).  They found length, weight, and stem 
diameter of virus-free plants were significantly larger than virus-infected plants.  Furthermore, 
they found root weight per plant was significantly greater for the virus-tested plants over the 
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virus-infected plants.  Virus-tested plants yielded 12.5 roots per plant compared to 7.3 per virus-
infected plant in their study.  They found root weight of virus-tested plants to be 469 g larger 
than for virus-infected plants. 
These results are consistent to preliminary results found by Clark et al., 2000.  They 
found that virus-tested roots and roots infected with SPFMV alone were similar in skin color.  
He also found that roots infected with SPLCV alone or combined with SPFMV were darker hued 
for skin.  However, these results are consistent with Clark’s present work with plants infected 
with SPFMV + SPVG + IVMoV (unpublished data).  We know of no other work published that 
compares skin color between virus-tested plants and virus-infected plants.  Significant and non-
significant differences among clones and their mericlones maybe a function of different virus 
strains or infection levels afflicting clones, thereby adding inherent variability to our study. 
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Chapter 3 
 
 
 
 
Effects Of Mutations On Sweetpotato 
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Introduction.  Sweetpotato foundation seed programs exist in the major production regions of 
the U.S. to provide growers with seedstock relatively free of genetic mutations and possessing 
high yielding potential.  Even with careful selection of superior seedstock, cultivar productivity 
and quality, have declined.  For example, ‘Centennial’ has declined by 46% over a 35-year 
period (unpublished data).  Because environment and cultural practices change overtime, it is 
difficult to accurately assess decline, but these anecdotal observations indicate the potential loss 
that can occur in a highly productive cultivar that was intensely selected (Villordon, 1995).  The 
cause of this decline is unclear, but mutations have been implicated as one of the components. 
 Genotypic identity and uniformity within a clonal cultivar is theoretically preserved 
through asexual propagation.  In sweetpotato, storage roots produce adventitious sprouts which 
are used for vegetative propagation in temperate zones (Collins et al., 1987;  Huett, 1976; 
Kannua and Floyd, 1988;  Ngeve and Boukamp, 1993).  However, mutations commonly occur in 
sweetpotato and frequently affect the color of vines, petioles, leaf veins, storage root skin, and 
storage root flesh; affect leaf shape or the pattern of leaf venation; and can cause leaf variegation 
(Clark and Moyer, 1988).  For example, depending on the cultivar, flesh color mutation rates in 
sweetpotato range from 1% to 18% (Hernandez et al., 1964).  Mutations may occur as either bud 
sports, in which the entire plant exhibits the altered trait, or as chimeras, in which only a portion 
the tissue is altered (Clark and Moyer, 1988).  Mutations can also be observed by measuring 
changes in the DNA.  Villordon and LaBonte (1995) discovered genotypic variation of 7.1% to 
35.7% in sweetpotato clones based on RAPD banding pattern polymorphisms.  He also found 
among ‘Jewel’ clones yield variations from 27% to 46% (Villordon and La Bonte, 1995).  This 
data implicates genotypic variability as a factor in yield variability, but this study did not 
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consider the effects of viruses that may or may not be present in the clones obtained from various 
foundation seed programs. 
This research was conducted to determine the effect of mutations on sweetpotato yield 
and quality and if Beauregard clones and mericlones differ from one another based on RAPD 
DNA fragment profiles. 
Materials and Methods.  The following paragraphs contain the sources of plants and the DNA 
procedures used. 
Plant Material. 
  Roots from the sweetpotato variety ‘Beauregard’ were collected from 10 farms across 
the state of Louisiana and also 2 samples from the foundation seed program at the LSU 
Agricultural Center Sweetpotato Research Station, Chase, Louisiana.  The mericlone B-63, an 
industry standard, was also included as a control.  The 12 root samples were individually bedded 
in the greenhouse for sprout production.  Cuttings were made and the meristems excised, as 
described by Clark and Hoy, 2002.  The mericlones were virus-indexed in accordance with the 
work of Clark and Hoy, 2002. 
DNA Extraction. 
Total DNA from the clones and their respective mericlones was isolated based on the 
method that Villordon (1995) used.  Genomic DNA was extracted from ~ 2 g of fresh leaf tissue 
from each clone and mericlone.  Leaf tissue was ground to a fine powder in liquid nitrogen.  
Isolation buffer (5ml/g fresh weight) (50mM Tris/HCl ph 8.0, 25 mM EDTA pH 8.0. 0.35 mM 
sorbitol, 5% (PVP-40) polyvinyl pyrolidone, 1% sodium bisulfate, and 0.2% of 2-
mercaptoethanol) was added to the fine powder and then centrifuged at 2000x g for 10 min at 
4C.  The supernatant and all loose debris was discarded, and the pellet comprising thecrude 
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nuclei fraction was then resuspended in extraction buffer (5ml/g fresh weight) 100 mM Tris/HCl 
pH 8.0, 1.4 M NaCL, 20 mM EDTA, 2% hexadecyltrimethylammonium bromide,and 1% of 2-
mercaptoethanol) followed by incubation in 60C for 30-60 min.  When extracting, an equal 
volume of chloroform:  isoamyl alcohol (24:1, v/v) was used for 5 min with slow constant 
inversion.  Phases were separated by centrifugation at 5,000x g for 10 min.  The aqueous phase 
was removed to a new tube for DNA precipitation.  Approximately 2/3 volume of isopropanol 
was added to the tube.  The tube was quickly inverted several times until the DNA precipitated 
and then was removed.  DNA was dissolved in 10mM Tris-HCl, pH. 7.5, and 1mM EDTA and 
quantified using a UV-VIS spectrophotometer (Perkin-Elmer, Norwalk, CT). 
Arbitrary Primers and Amplification Conditions. 
DNA polymorphism analysis was conducted using 10 decamer primers from kits A and F 
(Operon Technologies, Norwalk, CT).  Primers used were part of a group that Villordon (1995) 
determined to produce at least one putative polymorphic marker locus for sweetpotato. 
 MasterAmp® Kit I  (Epicentre Technologies) was used in the reaction mixes.  Reaction 
conditions were similar to those reported by Williams et.al.(1990), except that we used 1.5 unit 
of Taq Stoffel fragment (Perkin- Elmer Applied Biosystems, Foster City, CA).  PCR conditions 
consisted of 10mM Tris-HCl, pH 8.2, 50 mM KCl, 2mM MgCl2 , 0.001% gelatin, 0.1 mM each 
of dATP, dCTP, dTTP, dGTP, 0.2 uM primer, and 25 ng genomic DNA per 25 µl reaction tube.  
The reaction mixture was placed in a 0.5 ml plastic Phase-Lock Gel® microtube.  DNA was 
amplified in a thermal cycler (Perkin-Elmer model 9600, Norwalk, CT) programmed for 35 
cycles of 1 min at 94°C, 1 min at 35°C, 2 min at 72°C, and then held at 4°C until recovery.  
Amplified DNA fragments were resolved by electrophoresis (3 v/cm) for 4 hr in gels composed 
of 1.2% agarose (BRL, Gaithersburg, MD) in 1x TAE buffer (0.04 M Tris-acetate and 0.001 M 
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EDTA) in the presence of 0.5 µg/ml ethidium bromide, and photographed under UV light.  
Bands were scored from photographs.  Nomenclature for marker loci represents the Operon 
Primer kit designation plus the estimated size in base pairs (bp) of the amplicon produced.  A 
molecular weight marker (1 Kb DNA ladder, BRL, Gaithersburg, MD) was used in visually 
estimating amplicon size. 
Results.  A total of 29 RAPD DNA fragments were identified for 10 RAPD primer combinations 
(Table 2.1).  The present study used decamer primers that Villordon (1995) determined to 
produce at least one putative polymorphic marker locus for ‘Jewel’ sweetpotato, however, no 
polymorphisms were found in our study of 12 virus-infected ‘Beauregard’ clones and their 
respective virus-tested mericlones (not shown)(Table 2.1). 
Discussion.  Villordon and LaBonte (1995) conducted polymorphism analysis and yield tests on 
‘Jewel’ sweetpotato clones from eight foundation seed programs.  Using 38 arbitrary primers, 
they generated a total of 110 scorable DNA fragments for ‘Jewel’ sweetpotato clones.  Twenty-
one bands were scored as putative polymorphic markers.  To further estimate the variability 
within the ‘Jewel’ clone sources, they assayed 10 sample plants per clone source using 14 marker 
loci generated by four primers.  They found polymorphic bands ranging from 7.1% to 35.7% in 
‘Jewel’ sweetpotato clones.  Their field studies showed variation in nearly all of the yield grades, 
with U.S.#1 yield differences ranging from 27% to 46%.  However, yield differences could not 
be attributed solely to genetic differences as viruses could also have varied by source. 
 In subsequent studies, LaBonte et al., 2000, looked at Amplified Fragment Length 
Polymorphisms (AFLP) banding patterns for these “Beauregard” virus-tested mericlones and 
virus-infected clones used in this study.  Their data showed variation existed in only 1 clone of 
this group.  Polymorphism among RAPD DNA fragments alone does not signify variation does 
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not exist.  For instance, epigenetic effects, commonly encountered in tissue culture (Ramulu, 
1987), affect transcription/translation rates, but do not impact resident DNA sequences.  I 
conclude that 1.) ‘Beauregard’ sweetpotato is likely a more stable variety than ‘Jewel’ and 2.) 
epigenetic effects could still impact expression, e.g. yield and color of phenotypic traits. 
Conclusion.  Traditionally, sweetpotato foundation seed programs select seedstock through a 
visual process.  Seedstock is selected from high yielding hills that appear to be mutation free.  
However, cultivar decline has been noted by scientists.  The sweetpotato cultivar ‘Centennial’ 
had 46% yield decline over a 35-year period (Clark, unpublished data).  General consensus has 
been that viral pathogens and mutations are the cause of sweetpotato yield and quality decline.  
Recently, scientists have started investigating bacterial infection as another possible cause of 
yield and quality decline. 
 The goal of this study was to determine the impact that viruses and mutations have on 
sweetpotato yield and quality.  It was determined that when the virus factor was removed from 
the sweetpotato clones, yield and quality, as measured by skin and flesh color, increased.  
However, using 10 RAPD primers revealed no polymorphisms.  Mutations possibly could be 
detected if a larger number of RAPD primers had been used.  Meristem-tip culture is a known 
source of mutation.  For example, the sweetpotato cultivar ‘Scarlet’ was selected from meristem-
tip culture-derived clones of ‘Jewel’ sweetpotato (Moyer and Collins, 1983).  Meristem-tip 
culture did not appear to generate mutations in the ‘Beauregard’ clones used in this study.  It 
cannot be said with any definite certainty that mutations cause or do not cause sweetpotato yield 
and quality decline based on the results of this experiment. 
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 Foundation seed programs would benefit by incorporating a virus-testing program.  
Growers would have the ability to buy high-yielding seedstock with the quality characteristics 
that the general consumer would be interested in. 
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Table 3.1.  Survey of 10 putatively arbitrarily-primed amplified DNA markers in 12 samples of Beauregard' virus-infected 
clones and also 1 sample each of foundation seed and the mericlone B-63w. 
_________________________________________________________________________________________________________ 
DNA Markerx      Cloney 
 
  97-1 97-2 97-3 97-4 97-5 97-6 97-7 97-8 97-9 97-10 97-11 97-12 F/Sz B-63 
A7-975 + + + + + + + + + + + + + + 
A7-990 + + + + + + + + + + + + + + 
A7-1700 + + + + + + + + + + + + + + 
A9-410 + + + + + + + + + + + + + + 
A9-535 + + + + + + + + + + + + + + 
A9-1090 + + + + + + + + + + + + + + 
A9-1375 + + + + + + + + + + + + + + 
A10-365 + + + + + + + + + + + + + + 
A10-970 + + + + + + + + + + + + + + 
A10-1375 + + + + + + + + + + + + + + 
A11-885 + + + + + + + + + + + + + + 
A11-2036 + + + + + + + + + + + + + + 
A11-3100 + + + + + + + + + + + + + + 
A15-1570 + + + + + + + + + + + + + + 
A19-396 + + + + + + + + + + + + + + 
A19-760 + + + + + + + + + + + + + + 
A19-1005 + + + + + + + + + + + + + + 
A19-1025 + + + + + + + + + + + + + + 
F5-506  + + + + + + + + + + + + + + 
F5-517  + + + + + + + + + + + + + + 
F6-1636 + + + + + + + + + + + + + + 
F6-1660 + + + + + + + + + + + + + + 
F8-506  + + + + + + + + + + + + + + 
F8-890  + + + + + + + + + + + + + + 
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Table 3.1 continued 
____________________________________________________________________________________________________________ 
DNA marker      Clone 
  97-1 97-2 97-3 97-4 97-5 97-6 97-7 97-8 97-9 97-10 97-11 97-12 F/S B-63 
F8-1600 + + + + + + + + + + + + + + 
F16-1420 + + + + + + + + + + + + + + 
F16-1610 + + + + + + + + + + + + + + 
____________________________________________________________________________________________________________ 
 
 w   “+” means presence of band 
 x   Operon Primer Kit designation plus the estimated fragment size in bp 
 y   Clone = virus-infected original clone 
 z   Foundation seed 
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